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FOREWORD 


This report was prepared by the Boeing Commercial Airplane 
Company, Seattle, Washington, under Contract NAS1-15148. It is 
the ninth quarterly technical progress report covering work 
performed between 1 November 1979 and 30 August 1980 . Boeing 
regrets any incovenience that this longer than normal reporting 
interval may have caused. The regular quarterly reporting 
schedule will resume with this report. Due to the length of time 
since the last report, some data has been republished in this 
report to provide continuity. The program is sponsored by the 
National Aeronautics and Space Administration, Langley Research 
Center. Mr. Andrew J. Chapman and Mr. Ronald K. Clark are the 
NASA Technical Representatives. 

This contract is being performed by the Advanced Structural 
Concepts organization. Key personnel associated with the program 
during the reporting period and their area of reponsibility are: 
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ENVIRONMENTAL EXPOSURE EFFECTS ON 
COMPOSITE MATERIALS 
FOR COMMERCIAL AIRCRAFT 

D. 0. Hoffman 

BOEING COMMERCIAL AIRPLANE COMPANY 


1.0 SUMMARY AND PROGRAM STATUS 

The period's activities were highlighted by the initial Task I and 
Task II post exposure residual strength testing. The majority of 
the effort during this period was devoted to fabricating and 
recording physical properties on the AS1/35Q1-6 and Kevlar 49/F161- 
188 test specimens. The majority of this task has been completed. 
Additional Task III post exposure testing also took place. 

Southwest Airlines has completed deployment of all the Task I and 
Task II specimens delivered to them. Aloha Airlines has deployed 3 
year Task I specimens. A summary update of the long term specimen 
exposure data is contained in the body of the report. The short 
beam specimens returned from the NASA Dryden and Honlulu ground 
racks as well as the Aloha airplane showed lower results than had 
been expected. The other configurations showed less change. 

The initial post exposure testing was conducted on specimens 
removed from the ground-air-ground simulation chamber. The results 
show some strength loss. Photomicrographs show that these 
specimens are not cracking in the freeze thaw environment. The 
observed strength reductions are probably due to moisture content 
in the specimens. 

Activities during the next quarter will include completion of 
fabrication efforts required to deploy the Kevlar and AS1/3501-6 
specimens, receipt and testing of nominal 1 year Task I and Task II 
specimens from New Zealand, testing of a second set of 
Weatherometer exposed specimens, continued analyis of the data 
assembled to date, and continued exposure of Task I, Task II, and 
Task III currently deployed. 


2.0 INTRODUCTION 


The Introduction of any new material system into commercial 
aircraft structure requires that an information data base be avail- 
able to the designer in such a form that he can accept the material 
as a viable alternate to the current material system in use. 
Composite material components on aircraft in scheduled commercial 
service have demonstrated a viable level of confidence in current 
design and fabrication methods. In spite of this, the long term 
durability of composites exposed to actual aircraft operatiorai 
environments represents a significant unknown in assessing the risk 
level for a production commitment to primary aircraft structure. 

This contract will focus on expanding the data base for composite 
materials' properties as they are affected by the environments en- 
countered in operating conditions, both in flight and at ground 
terminals. It is well known that absorbed moisture will degrade the 
mechanical properties of graphite/epoxy laminates at elevated temp- 
eratures. Since aircraft components are frequently exposed to 

atomospheric moisture, rain, and accumulated water, quantitive data 
are required showing the amount of fluids absorbed under various 
environmental conditions. In addition, accelerated laboratory test 
techniques must be developed that are reliably capable of 
predicting long term behavior. The study will Include a task to 
develop an accelerated environmental exposure testing procedure and 
to correlate all experimental results and compare with analytical 
results to establish the level of confidence for predicting 
composite material properties. 

The overall program has a duration of approximately 11 years and is 
performed in three tasks as follows: 

• Task I - Flight Exposure 

• Task II - Ground Based Exposure 

• Task III - Accelerated Environmental Effects and Data 
Correlation 

Among the parameters to be investigated are: geographic location, 

flight profiles, solar heating effects, ultraviolet degradation, 
retrieval times, specimen types, test temperatures, and others. 
The experimental program includes in-flight and ground exposures of 
up to 10 years and will obtain mechanical, physical, and chemical 
data from about 17,000 specimens. A complete description of the 
program content was given in the first Quarterly Report (Reference 
1). Other reports (References 2-8) have covered progress to date. 
The overall program is summarized schematically in Figure 2-1. The 
program schedule is shown in Figure 2-2. 


ENVIRONMENTAL EXPOSURE EFFECTS ON 
COMPOSITE MATERIALS FOR COMMERICAL 
TRANSPORT AIRCRAFT 


• FIVE MATERIAL SYSTEMS 

• LONG TERM GROUND & FLIGHT EXPOSURE DATA 

• ACCELERATED LABORATORY DATA 

• DURABILITY MODEL & ACCELERATED TEST PROCEDURES 


TASK I FLIGHT EXPOSURE 


TASK III ACCELERATED ENVIRONMENTAL 
EFFECTS AND DATA CORRELATION 


• CONFIDENCE THROUGH 
LONG TERM EXPOSURE DATA 

• INTERIOR AND EXTERIOR 
EXPOSURE ON THREE DIFFERENT 
AIRLINES FOR TIMES UP TO 

TEN YEARS 

• OVER 5300 SPECIMENS 
TASK II GROUND EXPOSURE 

• CONFIDENCE THROUGH 
LONG TERM EXPOSURE DATA 

• SOLAR AND NONSOLAR 
EXPOSURE AT FOUR 
DIFFERENT GROUND 
STATIONS FOR TIMES UP 
TO TEN YEARS 


• BASELINE TESTING 

• ACCELERATED TESTS TO LOOK 
AT THE EFFECTS OF TIME, 
TEMPERATURE, STRESS, 
MOISTURE, WEATHEROMETER, 
AND GROUND-AIR-GROUND 
SIMULATION 

• OVER 4300 SPECIMENS 

• ANALYTICAL MODEL FOR 
DURABILITY PREDICTION 

• RECOMMENDED ACCELERATED 
TEST PROCEDURES FOR 
EVALUATING ENVIRONMENTAL 
RESISTANCE 


• OVER 5300 SPECIMENS 


FIGURE 2-1. Program Content 
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3.0 DESIGN 


Test specimen drawings to accomodate the Hercules ASX/3501-6 and 
Hexcel Kevlar 49/F161-i'j8 material systems have been completed. 
Only minor changes were Invovled In the flexure, short beam shear, 
and shear exposure specimens, therefore the drawings covering the 
original three material systems were simply revised to reflect the 
changes. The overall size of these three specimen types remains the 
same. The most significant change is in the number of plies and the 
ply stacking sequence for the Kevlar system. Since the Kevlar ply 
thickness Is less than the ply thickness of the graphite-epoxy 
systems, additional plies were used in the Kevlar laminates. For 
example, the Kevlar short beam shear specimens required 32 plies 
compared to 20 plies for the graphlte/epoxy materials. The updated 
short beam shear and shear exposure specimen drawing is shown in 
Figure A-l of the appendix, The updated flexure specimen drawing 
appears in Figure A-2. 

A new drawing was made for the tension specimens as more extensive 
changes were made to this configuration, It had been decided that 
the bow tie specimen configuration did not significantly affect the 
response of the +45° tension tests. Therefore, the specimens for 
the AS1/3501 and~Kevlar material systems will be a constant width, 
(1.0 inch). The 0° (or 0-90° for Kevlar fabric) tension specimens 
will be 0,5 inches wide* straight sided and tabbed for both material 
systems. The first three graphite systems were designed to be an 
untabbed bow tie with a 0.5 inch waist. Tabs were added to these 
specimens when it was observed that the specimens were splitting in 
the taper region. The tabs provided the desired fa 1 ’ *ure strengths. 
Use of the tabs obviates the need for the bow tie shape. The new 
tension specimen drawing appears as Figure A-3. 

The AS1/3501-6 compression specimen will be of the same IITRI con- 
figuration as was used on the earlier graphite-epoxy materials. 
The Kevlar compression specimens, on the other hand, will have a 
substantially different configuration. Testing was done on various 
compression specimen configurations and reported in the Eighth 
Quarterly Report, It was decided to use the dual specimen approach 
specified in BMS J-218. Both modulus and strength specimens will be 
used for Task III, while only strength specimens will be used for 
Tasks I and II. Figure A-4 shows both the AS1/3501-6 and Kevlar 
compression specimens. 

Other minor changes to the test specimen drawings include the paint 
callout and specimen hole diameters. The paint callout on all 
previous specimen drawings was discovered to be in error during the 
initial specimen fabrication. (The correct paint specification was 
used during the fabrication). The drawing correction is being made 
now as a convenience while the other drawing revisions are being 
incorporated. Also, it was determined that the drilled holes in the 
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+45° tension specimens were marginally small, occasionally 
resulting in difficulty during the mounting procedure, The hole 
diameters for the untabbed specimens have been increased from 0,188 
Inches to 0.1925 inches, and the hole diameter in the specimens with 
titanium tabs has been increased to 0.257 inches, 

No major changes were made to the test specimen holding fixture 
drawings. Short beam shear/flexure and compression fixtures used 
in the Task II ground deployment will be made from aluminum instead 
of titanium as a cost saving measure. The aluminum ground rack 
insert panels observed to date indicate that this material will 
perform satisfactorily in this application. One drawing change for 
the non-solar ground rack insert panels was necessitated by the new 
Kevlar compression specimen. This was discussed fully in the 
Eighth Quarterly Report. 


n 



4.0 FABRICATION 


A second shipment of the Hercules ASX/3501-6 graphite-epoxy system 
was received and submitted to receiving inspection tests. A 
summary of the results is shown in Table 4-1. This system was 
inspected to a modified version of BMS 8-212, "Epoxy Preimpregnated 
Graphite Tapes and Woven Fabrics -350°F (177 C) Cure". The use of 
the modified specification is the same procedure used earlier with 
the Narrnco 5209 system. 

The values shown in Table 4-1 generally meet the requirements of BMS 
8-212. The measured resin content is slightly high. Hercules had 
indicated that the product purchased for use on the program was 
normally produced to a wider resin content range than that allowed 
within BMS 8-212. Also, compression strength was not made a part of 
the receiving inspection tests. It had been determined earlier 
that this material system would probably not meet BMS 8-212 
requirements in this area. The Hercules system was considered 
acceptable based on the results shown in Table 4-1. 

Following acceptance, a total of ten laminates with various ply 
stacking sequences were fabricated. Their quality was verified by 
standard process control tests as well as through transmission 
ultrasonic non-destructive inspection. These laminates should have 
provided sufficient stock to machine all of the 2750 required 
contract specimens. Machining errors caused shortages in three 
configurations. The contract plan called for fabrication of 25% 
more (of each specimen configuration), than originally required for 
deployment. This excess was to be held in reserve for contingencies 
or future test planning. The machining errors resulted in a minor 
shortage of stressed +45° tension specimens that was easily accomo- 
dated by the 25% excess. 

The 0° compression specimens and the flexure specimens suffered 
more serious shortages. The 0° compression specimens resulting 
from machining were 26% less than required for the initial deploy- 
ment. The flexure specimen count permits the initial deployment 
but allows no excess. Discussions have been held with NASA 
regarding the shortages and it has been decided to make the missing 
specimens with a new batch of material. The original program plan 
called for elimination of material batch effects. Remaking these 
specimens will permit a selective look at batch to batch 
variability. 

The deployment scheme with the additional specimens will have one 
room temperature and one elevated temperature specimen in each long 
term fixture. These specimens will always have a -1 for room 
temperature test and a -6 for elevated temperature test. In this 
way, the batch to batch affects can be checked when sufficient data 
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has been received. All Task III testing will be accomplished with 
specimens from the original batch. It is considered unlikely that a 
significant batch to batch variation will exist. In the event that 
it does, sufficient specimens will exist in the second batch to 
conduct some laboratory investigation. 


Following machining, the individual graphite/epoxy specimens are 
weighed and measured* Task I and II specimens are then painted and 
the painted specimens are reweighed* To date all of the AS1/3501-6 
Task I and II specimens have been measured and weighed. 
Approximately 1000 specimens have been painted. Weighing, 
measuring, and painting of the remaining specimens is continuing. 

Hexcel's Kevlar 49/F161-188 material system was purchased to 
Boeing's Material Specification BMS 8-218, "Aramid Fabrics Pre- 
impregnated With Epoxy Resin (35Q U F Curing)". This system is 
qualified to this specification so no exceptions were necessary. 
The summary of the receiving inspection tests is shown in Table 4-2. 
All of the values shown meet the specification requirements. The 40 
required laminate panels have been fabricated and their integrity 
verified with the same techniques employed on the other systems. 
The panels are now being machined into the 3400 required specimens. 
This task is approximately 805s complete. Measurement of width, 
thickness, and weight for the Kevlar specimens will begin soon 
followed by painting of those specimens requiring it. 

Kevlar material quantities, laminates, and specimen counts were 
based on treating this system like Narmco 5208 in the test matrix. 
This means that complete laboratory characterization will be 
performed with this material. The AS1/3501-6 graphite system will 
be tested like Narmco 5209. This was discussed in greater detail in 
the Seventh Quarterly Progress Report. 

Fabrication of flight and ground fixtures, ground rack insert 
panels, and ground racks is complete except for some work remaining 
on the stressed tension fixtures. 


Table 4- h ASI/3501-6 Receiving Inspection Data 
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Table 4-2. Kevlar 49/F161-188 Receiving inspection Data 


RECEIVING INSPECTION TEST RESULTS PER BMS 3-213 
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Resin Contont, Percent Weight 

SC. 99 

55.62 

57. DO 

- 

• 

56. D3 

Volatiles Content, Percent Weight 

0.417 

0.466 

0.450 

• 

* 

0.444 

Flow, Percent Weight 

28,40 

29.11 

22.26 
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26.59 

Gel Timih Minutes 

4:30 

3:30 


3:58 



3:59 
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AVERAGE 





2 
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— m 

Ply Thlcknws, nils 

4.20 
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4.30 

rnn-rdwwj 

4.33 

4.35 

4.30 

j 0° Tensile Strength, ksl RT 

50.0 

60.5 

51.6 

51.7 

49.8 

50.75 

! 0° Tensile Modulus, msl RT 

3.45 

3.14 

3,37 

2.93 

3.29 

3.24 

j 0° Compressive Strength, ksl RT 

27.5 

27.9 

26. a 

24.1 

24.8 

26.2 
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5.0 TEST 


Progress in the area of test during this reporting period was high- 
lighted by the initial Task I and Task II post exposure residual 
strength tests. Some additional Task III post exposure tests took 
place and exposures for all three tasks are continuing. 

5.1 LONG TERM EXPOSURE AND TESTS 

All of the initial long term specimens have now been deployed. In 
addition, nominal one year specimens were withdrawn from NASA 
Dryden Flight Research Center, Honolulu, and Aloha Airlines. A 
summary of the long term specimen exposure data is shown in Table 5- 
1. Receipt of the nominal one year specimen from Wellington and Air 
New Zealand is expected shortly. 

The nominal one year ground exposure specimens were removed from 
the rack at Dryden Flight Research Center on February 12, 1980. 
This resulted in an actual e'.posure time of 1.19 years. The 
specimens were initially photrgraphed "as received" on the insert 
panels, (see Figures 5-1 and 5-2). Individual specimens were then 
reidentified, removed from the panels or holding fixtures and 
cleaned. Test specimens as well as all exposure hardware were in 
good condition. All of the pieces had a fairly heavy dust film but 
none had suffered significant paint damage by sand or U.V. 
degradation. Cleaning was accomplished primarily with a dry cloth. 
Occasionally, a rag dampened with MEK was employed. The shear 
exposure, flexure and tension specimens were then weighed on a 
Sartorius balance to an accuracy of +.85 mg. After weighing, the 
tension, compression and flexure specimens were submitted directly 
to test. Shear exposure specimens were sent to the shop to be 
machined into short beam shear specimens. After machining, these 
specimens were also sent to test. 

Physical and mechanical property test results are shown in Table 5- 
2 for the solar specimens and Table 5-3 for the non-solar specimens. 
Normally, values shown represent a single specimen. The one 
exception is the failure load for all shear exposure (SE) 
specimens. In this case, the value shown represents the average of 
three specimens. The three specimens were exposed as a single piece 
of graphite, but machined into thirds immediately prior to test as 
explained above. A summary of all the one year, Dryden, solar 
exposure is shown in Table 5-4. Comparable non-solar data is shown 
in Table 5-5. 

Specimens were removed from the Honolulu ground rack on 3-14-80 
resulting in an actual exposure time of 1.09 years. These specimens 
were treated like the Dryden specimens when they arrived in 
Seattle. Specimens and exposure fixtures were in good condition. 
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Physical and mechanical property test results are shown in Table 5- 
6 for the solar specimens and Table 5-7 for the non-solar specimens. 
The summary of the nominal one year Honolulu data is shown in Tables 
5-8 and 5-9. 

Specimens were also removed from Aloha aircraft N73721 on 3-14-80, 
again resulting in an actual exposure time of 1.09 years. The 
aircraft specimens and fixtures were in good condition. The 
exterior aircraft specimens were dirtier than any of the specimens 
removed to date. The MEK dampened rag was effective in cleaning 
these specimens. Individual specimen results for exterior aircraft 
solar and non-solar ixposure are shown in Tables 5-10 and 5-11, 
respectively. Comparable interior data is shown in Table 5-12. 
Summary data for the three aircraft exposure locations is shown in 
Tables 5-13, 5-14, and 5-15. 



Table 5-1. Long Term Specimen Exposure Data 


SERIES NAME 

INSTALLATION 

DATE 

ESTIMATED EXPOSURE AS OF AUGUST 31, 1980 i~T> 

TASK I 


CALENDAR TIME 
(DAYS) 

FLIGHT HOURS 

FLIGHT CYCLES 

Aloha - 3 Year 

3-14-80 

170 

825 

2450 

Aloha - 2 Year 

2-14-79 

564 

2844 

8918 

Aloha - 10 Year 

2-16-79 

562 

2146 

5843 

ANZ - 1 Year 

6-28-79 

430 

2573 

3510 

ANZ - 2 Year 

8-15-79 

382 

2226 

3058 

ANZ - 10 Year 

7-2-79 

426 

2430 

3395 

Southwest - 1 Year 

2-15-80 

198 

1893 

2421 

Southwest - 2 Year 

2-27-80 []> 

186 

1774 

2371 

Southwest - 10 Year 

6-22-80 

70 

TBD 

TBD 

TASK II 





NASA Dryden 

12-6-78 [|> 

574 



Honolulu 

2-9-79 

508 



Wellington 

7-4-79 

364 



Dallas 

4-18-80 

135 




1~P> Median date for installation of exterior and interior specimens. 

I 2 > Rack Stored in Unheated Warehouse at Hugh L. Dryden Flight Research 
Center from 10-30-79 to Date of Installation. 

UL> Flight data based on Actuals through June 30, 1980 and Historial 
Utilization Data. 



















Table 5-2. Physical and Mechanical Test Results , Dry den 1 Year Solar Specimens 


SPECIKK 
IDOiTl FI CA- 
TION NUffiER 

LAMINATE 

THICKNESS 

ON) 

LAMINATE 

WIDTH 

(IN) 

INITIAL 

DOT 

LAMINATE 

WEIGHT 

(GRAM) 

INITIAL 

DOT 

SPECIMEN 

WEIGHT 

(GRAM) 

EXPOSED 

SPECIMEN 

WEIGHT 

(GPAM) 

FINAL DOT 
SPECIMFH 

weistt 

(GPAM) 

ULTIMATE 

FAILURE 

LOAD 

(POUND) 

TEST 

iztr. 

in 

A5fc,L5*l— 1 

*.*935 

*.2445 

1.32*7 

1.4974 

1.4973 


531.7* 

».i 

Ajtto/l —2 


*5. 2 brie 

i.iiii 

1.4776 

1.479* 


39*. 1* 

16*. • 

A6t.fc»S» I - j 

•:.k - 9SV 

2.AOI 

1.32*4 

1.4919 

1.4931 

1.4*19 

IS4.2I 

11*. ■ 

&££*£.*>»# 1 — 1 

«..Cb72 


1.7451 

2.4t229 

2.62*3 


141.51 

7*.* 

Af 1- i 

t.tOt 1 

«c«4^7e 

1.7444 

2.6*254 

2. *2*2 


143.5* 

7*.* 


C.* XjtiA 

*.4 <04 

l.7b9b 

2.6*444 

2. *399 


136.5* 

7*.* 

Af* Lw 1-4 

rotl 

< .-.bo* 

1.7587 

2.61263 

2. *226 


149.** 

1**.* 

IfUl. 1-3 

*» • » bbo 

«*4-#oo 

1.7417 

2.JH71 

2.8143 


126.8* 

16*. • 

Al 3 — o 


*..411* 

1.7991 

2. 61582 

2. *565 


135.8* 

It*.* 

AlAili.'J - 1 


l.S.A/2 

9.1.340 

la.SiBJi 

It. 7934 


1*3*.** 

7*.* 


» .* -»2o 

1 .kV 12 

9. *3*4 

lv.ti457 

1U.8346 


1*3*.** 

7*.* 

J 

fci.»42o 

a 

9.*b31 

l*.6Sew 

18.6494 


1*3*. a* 

7*.* 


*•' **2*» 

1 ,*H* e 

#.5b23 

1*. 7*265 

1* -7 1 64 


lie.** 

111.* 

AT-* t— > i 3—5 

*.*■•25 

k 

6.9557 

IC.T154 

1*.7*81 


• b®. 91 

n*. a 

Al-ffcix-!-*, 

* .tf <27 

J is 

9.*S71* 

1*. 81566 

18.8535 


77*. 

la*.* 

iut.r.oi 1-1 

rt . l*-2o 

e-2-SW 

1.3988 

1.5465 

1.54*5 


36*. 7* 

7*.* 

tfStL521-2 

C.H23 

«s.24ee 

1.3746 

1.5444 

1.545* 


247.1* 

i**.* 

boL£5« 3 - 1 

iff. 1^24 

B.24V2 

1.3504 

1 .5395 

1.548* 

1.5323 

29*. *• 

ia*.* 

oFLt$i>!’ 3 

U.tfb2b 

6,496* 

l.«>595 

1.9499 

1.9443 


125.5* 

7*.* 

6f*.6S*l- 2 

e.ibJb 

6.4595 

1.6519 

1.9344 

1.9299 


12*. 5* 

7*.* 

fcrlfcS* 1- J 

B.irfa34 

*.49bE 

1.6846 

1.969* 

1.9641 


151.5* 

7*.* 

bF*.cStfl- 4 

*.*625 

*,4Sb2 

1 .t?t>o7 

1.9564 

1.9525 


1*2.5* 

ia*.* 

Brltai'I- 5 


0.4935 

1.6582 

1.9316 

1.9271 


115.5* 

i»a.e 

oFLfcSJl- 6 

*.<;632 

».4V5«! 

1 .6t>c5 

1.9491 

1.943* 


99.5* 

ta*.a 

rtiAtS^S- 3 

*.*446 

1 .01114* 

9.57*4 

11.4339 

11.4214 


1 3*8.0* 

7*.* 

3- 2 

id.* *»5o 

l.t’Mb 

9.51b9 

11.2866 

11.2764 


1244. 91 

70.* 

tsT-^tS*. 1-3 

52.1455 

l.^k’25 

9.557b 

11.4255 

11.3925 


127*. *• 

7*.* 

oT4tS»‘I- 4 

l*. i*< 57 

1 .btflkJ 

5.5477 

11.31344 

11.3225 


1295.4® 

ia*.* 

oT4tSAl-S 

*.s«S7 

1 • uC4k) 

9.5t>fctf 

11.3.696 

11.3721 


184®. 4® 

iaa.* 

c*14o5atl- 5 

t«e«7< 

1.0012 

9.7782 

11.5449 

11.531* 


111®. 4® 

iaa.* 




Table 5-2. Physical and Mechanical Test Results, Dryden 1 Year Solar Specimens (Concluded) 





INITIAL 

INITIAL 





spec no 

LAMINATE 

laminate 

DRY 

DRY 

EXPOSED 

final oar 

ULTIMATE 

TEST 

1DENT1F1CA- 

THICKNESS 

WIDTH 

LAMINATE 

SPECIMEN 

SPECIMEN 

spEcno 

FAILURE 

7E*>. 

110N NUMBER 

UN) 

UN) 

WEIGHT 

WEIGHT 

WEIGHT 

wEiorr 

LOAD 

(F) 

(GRAM) 

(GRAM) 

(GPAM) 

(GRAM) 

(PffJiD) 


CShtiiCl- 1 

0.1*0# 

nJ.2491 

1.4*54 

1.0531 

1.654* 


514.78 

78.8 

Cattbil-i 


9.2*57 

1.4717 

1.8252 

1.6265 


356.78 

1 *8.8 


tt.llub 

#.24fe9 

1.5144 

i.b4je 

1 *6454 

1.6348 

417.29 

188.8 

CFLts.u - i 

#,** t>tj2 

C.4993 

1.8231 

2. *J«27 

2.9818 


169.84 

78.8 

CFLfcj.U - 2 

W.vt.71 

*T.49t* 

1 .k*jo3 

2. **008 

2.2659 


169.48 

78.8 

CFLfco<l - 3 

t-.**o7n 


1.8245 

2.9851 

2.2831 


167.48 

78.8 

CriitiKl- 4 

©o3 

.5.497b 

l.DJU 

2.9829 

2.8818 


134.99 

1 *8.8 

ch-ls^j-s 

C.Kobfc 

0.4993 

1.775*5 

2.9395 

2.93*5 


144.58 

188.8 

CFLe.Sl'1 — o 


v\4Vfcl 

1.7797 

2.4439 

2.8*18 


149.58 

188.8 

CI4LS41 -1 

u.<4Ja 

l..'**3l 

9.7748 

51.7105 

11.7118 


1124.84 

18.8 

CT4 — 2 


1.^13 

9.fa94# 

1 1 .8921 

11.8948 


114C.il 

78.8 

CT4L5tfl~ 3 

^.»:4b4 

l.##k$4 

9.9184 

11*7272 

11.7239 


1135.98 

78.8 

C X4iLSC1 — 4 


1 • 27 

9.0914 

11.8664 

11.85*7 


ifif.ii 

1 *8.8 

CT4t.Ssl - h 

1»«^4 to7 

1 . .S.i 2 o 

9.644JJ 

11,8521 

11.941* 


1478.88 

1**.8 

CT4 LStffl — b 

V5.k.47o 

1.3*111 

9. 83o9 

11.8228 

11.8113 


1838.88 

1 *8.8 





















Table 5-3. Physical and Mechanical Test Results r Dpyden 1 Year Non Solar Specimens 


SPECIMEN 
IDENTIFICA- 
TION NUMBER 

LAMINATE 

THICKNESS 

(IN) 

: LAMINATE 

WIDTH 
ON) 

INITIAL 

nay 

LAMINATE 

WEIGHT 

(GRAM) 

INITIAL 

DOT 

SPECIMEN 

WEIGHT 

(GRAM) 

EXPOSED 

SPECIMEN 

WEIOiT 

(GRAM) 

FINAL DOT 
SPECIMEN 
VEIfflT 
(GRAM) 

ULTIMATE 

FAILURE 

LOAD 

(POUND) 

TEST 

TEW>. 

(F) 

ijtl »»*! —3 

i *■ 


1.5210 

1.49M 

1.4694 


466.36 

70.6 

r, *♦ j — / 

‘#3* 

• .2*t'l 

3. JJ.4 

1.5996 

1.5113 


4.3.76 

166.0 

A -J 

* „» 

.'.2495 

1.3504 

1.5250 

1.5261 

1.5146 

426.36 

360.0 

-*♦' t -i. 

t. .* C.o9 

».4V‘4 

1.7t>bl» 

2.0479 

2.0490 


145.66 

76.0 

Af o 3 - i 

*.„% Obi 

* ..ftx. 

I • 7532 

2.»45i 

2. *442 


144.B* 

76.0 

iiuf •> i - J 

» .. c?5 

.-.4*99 

] .lose 

2.0494 

2.1349b 


159.6. 

70.0 

-U.r —l -* 

* ** t el 

*.4945 

1.74b s 

7.K456 

2.e«43 


144.56 

1(0.0 

AHt •* 3 ’-s 

•*.. t 02 

F .t>< <r * 

1.7 lul 

2.a&27 

2.6’619 


144.6* 

1(0.0 

AUt *(• i -*> 

► .« cbi 

A. 49 34 

1.7513 

2. 0535 

2.6519 


141.56 

1(0.0 

Ai lb.il -1 

^ lb. 

3 . O* Ov 


25.4321 

25.4445 


9(6.66 

160.6 

1 -l 

**59 

l.F.Jo 


2o.M45d 

26.6579 


916.66 

160.0 

AHe..*<l -J 

'*' »* 4t,j* 



✓s.isaif 

25.3652 


94tf.ua 

160.6 

AC<!fc.«l - J 

%>. 3* 04 

✓.2415 





6140.66 

70.0 

ACCfc..«l -2 

•5.1*53 






0190.00 

70.0 

ACtJc «**1 - j 

I’.Mb 

• .2473 





6.26.66 

70.0 

£C<r»b»i£l -*4 

*>.1^42 

*-,24oi5 





3176.66 

160.0 

AC<sfc.bl -5 

a.iaJs-. 

a«2«25 





3636.66 

1(0.0 

AC«*fc../i -o 

I 

*.247 / 





3556.66 

1(0.0 

l - j 


C.24t»B 

1.3559 

1.53114 

1.5369 


40O.00 

70.0 

s5tti»iSl —.2 

*?.lv»24 

■5.244. 

1.3792 

1.5515 

1.5529 


253.36 

100.0 

tfSLt* ,B3 -3 

tt.3*22 

*.251b 

1.4119 

1.5647 

1.5656 

1.5755 

272.20 

100.0 

ofruEMtf-l — j 

e.kt,3b 

a.49St> 

1.6754 

1.9529 

1.951b 


14* .01 

70.0 

nFLt.^-91 -2 


i>.4921 

i.b532 

1.9«14 

1.9766 


136.06 

70.0 

iHb »vl -j 


0.4921 

1 .6560 

1.9743 

1.97.6 


137.56 

70.0 

efr.LL»*iI —4 

•5»wt>2e : 

* .499b 

1.6652 

1.9623 

1.9766 


76.56 

1(0.0 

4rtf »<fl -b 

ifr** 0*5 

V.4975 

1.6626 

1.9553 

1.9536 


126.06 

160.0 

tifLE.**?! -o 

i*»o3t 

»J.493fe 

1. Ob 119 

1.960t» 

1.9562 


112.00 

160.0 

»I.r •«',! -1 

*••4 37 

I.OCltf 


25.3PI9 

25.2660 


1065.66 

110.0 

1 -/ 

V. *;4 

X.«iV’4^ 


25.5542 

25.5341 


1655.00 

160.0 

bl J — j 

»>14J3 

I.t*£4 6 


25.4677 

25.4513 


970.66 

100.0 

bCtuk.ai'I —j 

tf.iait 

a. 2442 





7610.00 

70.0 

oC^E»Bl -2 

0.1011 

.5.2493 





6360.00 

70.0 

eO3S.*0l -3 


a. 2494 





5756.66 

70.0 

acat^ai -4 

a.iaaa 

b.2499 





5560.06 

100.0 

oCtfEt-vi -i 

•8.KJ& 

a. 2497 





5620.60 

160.6 

bC«?E*»ej -o 


£.2492 





5260.66 

100.0 




















Table 5-3. Physia! and Mechanical Test Results , Dry den 1 Year Non Solar Specimens (Concluded) 


SPECI«N 
IDENTIFICA- 
TION NUKEER 

laminate 

THICKNESS 

OH) 

LAMINATE 

WIDTH 

(IN) 

INITIAL 

DRY 

LAMINATE 

WEIGHT 

(GRAM) 

INITIAL 

DRY 

SPECIMEN 

wEionr 

(GRAM]| 

EXPOSED 

SPECIMEN 

WEIGHT 

(GRAM) 

FINAL DRY 
5PEC1IO! 
WEIGHT 
(GRAM) 

ULTIMATE 

FAILURE 

LOAD 

(POUND) 

TEST 

TEI*>. 

(F) 

C6ctw.*l - 1 

B.lUi 

rf»246J 

1.4935 

S.6477 

1.64*4 


516.]* 

7*.* 

€&*£.-• 1 - d 

t.KIk 

2-2454 

1.4517 

l.tell 

1.6477 


143.3* 

I**.* 

- i 

>.1111 

*.2475 

I.50b6 

1.6693 

1.6692 

1.6572 

<(!.«* 

14*. • 

CfLtu’^ X -1 


% ,4V7* 

1.79^4 

2.0572 

2. *56* 


157.5* 

7#,# 

OLtnl ~d 

tf.fcbS? 

>.4991 

1.75o7 

7.227* 

2.1-254 


139.5* 

7*.* 

CUckM -J 

k.iXH 


1.79197 

2.B6S2 

2. *641 


154,2# 

7*.* 

C»U»> 1-4 

•ci *i> t>&5 

K.S.’IV 

l.&tolU 

2.*>754 

2. *75* 


145.5* 

!•*.* 

CFLe.^1 -!> 

*3,^667 

i .s/oi 

1.71.74 

2.19722 

2.»7*9 


149.*# 

!•*.* 

CFLL«wl ~ o 

d*fO?l 

% 

1.7753 

2.&)b2# 

2. *6*9 


155.** 

1**.* 

erst *ci -l 

C«r 4b7 

l.Z-Vfc 


2b. 4954 

26.499* 


1175.** 

1**.* 

1 -/ 

♦M -8oi 

*■.•9*97 


2b.26<*b 

26.2651 


113*. M 

11*. • 

C14L..1S1 -3 

C'.^W 

l.o«*2S 


2b. 679b 

26.69*4 


112*. •• 

16#,# 

-X 

fe.KSS 

o.25j* 





6*5*. ** 

7*.* 

CCCt6«l -2 


B.2512 





666#,## 

7*.* 

CCtL-OI -3 

t>.> 9«» 

#.2516 





614*.** 

7*.* 

CCht-tl -4 

»*1*51 

*.252* 





367*. ■* 

1**.* 

CCrf'Es.dl -5 

e.ik-ob 

0.2524 





366*.** 

It#.# 

CCtt^fcX -6 

*.l#5i 

85,254,6 




L 

3649.N 

16#.# 




Table 5'4, Results Summery, Dryden Nomina! 1 Year Solar Specimens * 



SPECIMEN 

MATE 

RIAL SYSTEM 


PROPERTY 

CONFIGURATION 

5208 


| 


SBS 

m 

84.1 

93.2 

Room Temperature 

Flexure 



104.5 

Residual 

Strength 

Data 

{% of Baseline)** 

Tension 

■ 

110.4 

104.8 


SBS 

98.5 

79.1 

79.8 

Elevated 

Flexure 

106.1 

98.8 

102,5 

Temperature 

Residual 

Strength 

Data 

of Baseline)** 

Tension 

95.8 

90.6 

95.9 


SBS Dryout 

115.2 

92,7 

90.8 


SBS 

BSBS9BB 

■H 

BUffB 

Weight Change 

Flexure 


'AWmm 

WiHW 

Data 

Percent Gain + 
Percent Loss - 

Tension 

■ I 

-0.U36 

-0.0499 


SBS During Dryout 

-0.670 

-0.682 

I 

O 

• 

-E* 

CO 

OTHER 






Notes: 


* These specimens exposed for 433 days. 

** Residual strength data based on baseline tests at the respective 
temperatures 
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Table 6-5, Results Summary, Dryden Nominal 1 Year Non-Solar Specimens * 



SPECIMEN 

MATER 

IAL SYSTEM 


PROPERTY 

CONFIGURATION 





SBS 


89.5 

9,1.0 

Room Temperature 
Residual 
Strength 
Datd 

(* of Baseline)** 

Flexure 

Compression 

105.4 

106,5 

99.8 


SBS 


82.2, 

77.8 

Rlevated 

Temperature 

Residual 

Strength 

Data 

(% of Baseline)** 

Flexure 

Compression 

Stressed Tension 

112.8 

107. O' 1 * 

107.5 


SBS Dryout 

104.2 

■ 

86.2 

88.9 


SBS 

0,0947 

0.0641 


Weight Change 
Data 

Flexure 


-0.1295 

-0.0545 

Percent Gain + 
Percent Loss - 

Stressed Tension 

0.121 

0.153 

0.0547 


SBS During Dryout 

-0.581 

«0.548 

-0.725 


OTHER 


'Measurement outside 1 standard deviation thrown out. 


Notes: 

* These specimens exposed for 433 days. 

** Residual strength data based on baseline tests at the respective 
temperatures 
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Table 5-6. Physical and Mechanical Test Results, Honolulu 1 Year Solar Specimens 


SPECIMEN 
IDENTIFICA- 
TION NUMBER 

1 ■ ■■ 

LAMINATE 

THICKNESS 

(IN) 

LAMINATE 

WIDTH 

(IN) 

INITIAL 

DRY 

LAMINATE 

WEIGHT 

(GRAM) 

INITIAL 

DRY 

SPECIMEN 

WEIGHT 

(GRAM) 

EXPOSED 

SPECIMEN 

WEIGHT 

(GRAM) 

FINAL DRY 
SPECIKB 
WEIGHT 
(GRAM) 

ULTIMATE 

FAlLUSi 

LOAD 

(POUND) 

TEST 

TEMP. 

(F) 


to. i I»bV 

u*050J 

1-3254 

1.4724 

1.47b! 


449.00 

75.0 

Abhno».J— 2 

•2.JKJ4 


1 .41'Vo 

1.5592 

1.5o35 


370.70 

160.0 

1- J 

i..» Vbo 

♦ .2-5 VI 

1.3131 

1.4b«H 

1.4565 

1.4418 

477 a 

75.0 

nhLnot 1 — 1 

k. „t L.57 

.-..977 

1.75/5 

2.07t>5 

2.0793 


136. A 

75.0 

Ah L*u>» 1 — 2 

* .» i*iu 

1 . 

1. /4«*4 

2.»'»4 2V 

2.0*55 


134.00 

75.8 

AtLii*' 1 -3 

»< • » t»5 D 

t .iVbj 

1. 7797 

2.1’bll 

2.0743 


150.50 

75.0 

AELK5* 1 -A 

• v t,*2 


1.7/32 

2.0514 

2.0542 


14b. 4)0 

166.0 

*H.r>oi 1 -5 

«r ot*i 

% .4e99 

1.721b 

1.99118 

1.9944 


149.50 

160.6 

AFLnGt 1 -b 

«.» t>71 

*">.495 b 

1.7b91 

/.tlfallb 

2. £653 


134.00 

166.6 

A7 4«5i'l -1 

0.**431 

1 .Wo'tfo 

V.OUJJ 

10.8741 

lo.B797 


1000.00 

75.0 

i -2 

*• .**4 32 

1 - UrfJ 7 

6. 97.14 

lB.7b73 

10.7925 


105O.OO 

75.6 

A14H5I 1 -A 

W.t <2E 

1 .. i.2n 

b.9bC4 

ir.BbbW 

10.8699 


1056.00 

75.0 

AlAftet I -4 

b.L-431 

%>.VVVb 

9.0309 

IB. 7998 

10.6020 


600.00 

160.0 

A14nSll -5 


0.9992 

».9btoB 

lb. 7776 

10.7636 


630.06 

166.6 

A7 4KS01 ~t> 

t.lijll 

t..99B7 

V .iii«74 

1ST. 7456 

10.7542 


600.00 

160.0 

buklibk 1 “1 


w.2*44 

1. j4bt> 

1.52e3 

1.52WJ 


3o4 .00 

75.0 

n5trt£»i>l -2 

U.1630 

1 .2477 

1 .4075 

1.6k59o 

1.6061 


234.00 

160.0 

bSEdSoi — J 

i% 1 b3k> 

0.2505 

1.395b 

1.5747 

1.5746 

1.5649 

532.30 

75.0 

0 MLHS 0 I -1 

U.l to 10 

45. 5rfw*> 

1.6791 

1.9426 

1.9411 


122.00 

75.0 

BE LnSOl -a 

u.tSt-7 

0.4992 

1.7.11 

1. 9b2W 

1.9505 


131.00 

75.0 

oFLriS«Ji 

rf.fr 63* 

•5.492*3 

1.6598 

1.9124 

1.9109 


135.00 

75.6 

eFbajul ”4 

t .1 t>22 

•5.4 94b 

1.6754 

1.932T 

1.9315 


188.58 

166.0 

Of uno»l — ^ 

C.t 62b 

0.497b 

1 . tofebta 

1.920W 

1.9166 


88.50 

180.8 

oELrtS.U -b 

tf.fc ol9 

0.4VS3 

1 .*>556 

1.9131 

1.9113 


9rf.5>3 

180.8 

uHESrfl -1 

l.t 443 

1 ,»)/3p 

9.3472 

10.9717 

3U. 9920 


1260.00 

75.0 

t>l 1 -2 

i . t 435 

1.M019 

9.2447 

11.1000 

11.1095 


1153.00 

75.6 

bKfio.’l -J 

d.t <iS2 

] . V B43 

9.3429 

10.9454; 

10.9594 


1150.00 

75.6 

blArtSiM -4 


1.0rf3o 

9.1495 

11.0219 

11 .0260 


890.00 

180.0 

ol **•;*«■ 1 -i 

€-•1 439 

1.0t»29 

9.2460 

11.1753 

11.1766 


960.00 

180.0 

ST4H521 -b 

U.» 451 

1 .r«3b2 

9.2825 

10.8836 

18.8988 


968.80 

180.8 




Table 5-6. Physical and Mechanical Test Results, Honolulu 1 YearSofarSpecimens(Conduded) 


SPECIMEN 
10EX7IH CA- 
TION KXSSl 

LAMINATE 
THICKNESS ; 
(Hf) 

LAMINATE 

WIDTH 

(IK) 

INITIAL 

CRT 

LAW HATE j 
WEIGHT j 

(GAM) ] 

INITIAL 

OKT 

SPECIMEN 

vEiorr 

(GPAK) 

EXPOSED 

SPECIMEN 

WEIGHT 

CGRSNJ 

FINAL DPT 
SPECIfEX 
WEIKT 
(GPAK) 

ULTIMATE ! 
FAIURS 
LOAD 
(FOUND) 

TEST 

TEW”. 

m 

C 


K.25.1 

X . 4*21 

l.d««3 

2.&49S 



75.# 

— %r 


>.2**3$ 

1.5155 

i.69ie | 

1.6958 


341.7# 

l«k.8 

-4 

is* 2 322 

i 

1*5222 

1.7.75 | 

1.712S 

1.6573 

*9***9 

75. e 

Ct hr.^ l -1 

45*% ©44 

<6 « 5*5 12 ] 

1.7509 

2..393I i 

2.0432 


14K.il 

75.8 

—2 

*s**.s#-4*f 

.,■•9* 3 : 

1.7315 

3.4«74 i 



139.0# 

75.* 

1 t>4/*r.»4J —3 

»?»* e.6*- 

**.< #jif 

1,7*77 

2.159*3^ 

2.«935 



75.* 

' Crb>r^4l -4 

k.»'otr 

o.4v7i 

1 *79to5 

2.0*41; 

2.0*78 


141.it 

liiS.it 

CHl. ■>->«•! -5 

».* ©74 

♦s*4^bi 

l*fc«s94 

2.1044 

2.1083 


145.se 

l.e.e 

C* JL.«3nI -w 

0„*©©5 

0,4983 

l.i*S2 

2.0772 

i.usie 


143.5. 

ite.e 

€I4C*,3 -2 

4©5 

l.«5i4b 

9.fc2fek 

11.5015 

11.5227 


1125... 

75.* 

€i4^«*X 

*-• 45V 

1 ..'o2fe 

V.91«* 

11.6584 

13.0788 


1113.0. 

75.* 

CT 4 1 ~4 

»;.» 457 

*.9564 

9.8*21 

r 11.7400 

11.75*5 


l.fct... 

75.* 

2 —4' 

I 


5.9354 

11.8193 

11 • » J4fe 


1230.88 

1*..* 

CI4H5.1 -5 

%r*% 4 ©9 

l.iM35 

9.9242 

11.73.3 

11,7575 


ltii.it 

ai.f 

C24«3fc.2 


l.OOSl 

9.9099 

11.7479 

11.767* 


1.25... 

1H.8 














Table 5-7. Physical and Mechanical Test Results, Honolulu 1 Year Non-Solar Specimens 


SPECIMEN 
IDENTIFICA- 
TION NUMBER 

LAMINATE 

THICKNESS 

(IN) 

LAMINATE 

WIDTH 

(IN) 

INITIAL 

DRY 

LAMINATE 

WEIGHT 

(GRAM) 

INITIAL 

DRY 

SPECIMEN 

WEIGHT 

(GRAM) 

EXPOSED 

SPECIMEN 

weiqit 

(GRAM) 

final dry 

SPECIMEN 

WEIGHT 

(GRAM) 

ULTIMATE 

FAILURE 

LOAD 

(POIND) 

TEST 

TEMP. 

in 

* *' 1 -■ i 

r .1 >i 1 

4. 249 J 

1 . 3«* 39 

1.4626 

1 .46o2 


4o9. J4 

75.0 

1 - ■/ 

v'.k V o £ 

«.244* 

1.3249 

1 .45S»((i 

1.4o24 


335.7* 

160.0 

-J 

i*»l «. *'*• 

* .2bJV 

I .3749 

1.542* 

1.5469 

1.5337 

447.30 

75.* 

-1 

V*** Otir 

* .4^. 

1.7 b/b 

2.#5bb 

2.P012 


147.08 

75.0 


*..» t.!>r 

* .**99.5 

1 . 7o*.o 

2.i>9l2 

2.0951 


143.00 

75.0 

-r 3 — J 

» *» oS7 


1 . / 

2.657* 

2.i06lb 


155.50 

75.4 


i -• 


1.794** 

2.1 7bb 

2. 1023 


145.50 

184.4 

**f l *n iwl — b 

i.j/ 

► 

1.7e/e 

2.2667 

2.2726 


148.56 

160.6 

-1- ur »» i — © 

*>-» tt * 

w • l-it,} 

1.7fc9*» 

2. o4e3 

2.0520 


148.00 

160.0 

1 1 -J 

» .« >u3 



25.7*32 

25.6203 


1005.hu 

180.0 

| tjsrt.Ml —.4 

« ^ts.6* 

1 .»'• - i 0 



2o.Kb3k? 


9918. 6* 

166.4 

1 » | 4r*. • * 1 — i 

»*.♦ 

1 .*•« * i 


2o. .5i37« 

26.6412 


2*44.64 

160.0 

r/jt.h •« , i — 3 

* .It 


1 .3e>2o 

l.bi^b 

1.524b 


3 71.36 

75.6 

1 —/ 

f .U J*- 

w*.2b 14 

1.4215 

1.5938 

1.5941 


233.70 

180.0 

i —3 

* 

15.2403 

1.3724 

1.529* 

1.5315 

1.5226 

4*1.30 

75.0 

oELrt .Cl -1 

fc.frr»2o 


3 .6491 

1.B9B5 

1.8996 


123.50 

75.0 

sr Lh • t. j -*2 

*5.^626 

•5»4VDb 

l.boSb 

1.936b 

1.9351 


135.50 

75.0 

cFLHU^l -J 

ii.**o24 

«.492a 

l.bbbb 

1.9238 

1.9230 


142.50 

75.0 

sJFLrtMJl -4 

«f .ic.o27 

45.4991 

1 • b 82b 

1.95(57 

1.9554 


99.00 

180.0 

oFLrt..i*l -5 

f.*'b2b 

e.4*73 

1.0753 

1.94*30 

1.9422 


97.50 

100.0 

r F Ln*-^1 -6 

h5.y*i>29 

*5.49bfe 

1.6692 

1.9203 

1.92le 


110.00 

180.0 

-1 

*5.v r 42fa 

1.3S3* 


25.3*65 

25.3*60 



180.0 

514 H **Vi —2 

tf.. 442 

l.«%)54 


25.34176 

25.3593 


92b. 49 

180.0 

n 1 4-1^* 1 -3 

*3 . » 44J 

1 31 


25.2238 

25.2331 


92«t.vi 

it«v* 

CSr .«..?! -1 

0.1 It o 

I0.247o 

X.4fcb7 

1.6713 

1.6703 


452.44 

75.0 

CoLn'«Vl —2 

*?. 3 32b 

*/. 24b3 

1.5252 

1.7073 

1.7127 


346.64 

160.0 

Cofcrt'ti.l -3 

*?.l.-9b 

«J.2S<4 

1 • 5.13(5 

1.6946 

1.7004 

1.6841 

576.40 

75.0 

CFLr? <*5l -1 

<J.t(o59 

K.4V27 

1.7362 

2.0643 

2. *488 


157.04 

75.0 

CFLisi-i -2 

*• • fc.67 o 

£.4953 

1.7962 

2.1U27 

2.1071 


160.00 

75.0 

CFUii'l -3 

t obb 

4.4992 

1 . fe«J9o 

2.0975 

2.1022 


101.00 

75.0 

CfLtt.% «5i -4 

*5 . k o7 1 

4.5.1C2 

1.6227 

2.11589 

2.1136 


146.50 

180.0 

Cftn.-^l -5 


li.497o 

1.798b 

2.6794 

2.8841 


142.04 

180.0 

CFI.rt-.nl -6 

o.t/bbb 

*>. 496o 

1.7523 

2.03*2 

2.6424 


131.50 

160.0 

CI4H«^1 —3 

«£ . *5 4bl 

1 . 4^25 


20.1842 

26.2215 


1*75.00 

160.0 

CT4H.B1 -2 

8. <472 

1.HU527 


20.3992 

26.4388 


1170.00 

110.0 

CHHhkH -3 

4.fc 4b7 

1.2231 


20.21894 

26.2463 


1165.00 

100.0 












Table 5-8, Results Summary, Honolulu Nominal 1 Year Solar Specimens* 



SPECIMEN 

MATERIAL SYSTEM 


PROPERTY 

CONFIGURATION 

5208 

5209 

3K.U-M1 


SBS 

89.4 

82.4 

87.0 

Room Temperature 

Flexure 

102.7 

101.7 

105.6 

Residual 

Strength 

Data 

{% of Baseline)* ** 

Tension 

107.5 

104.9 

103.5 

SBS Dryout 

- 

95.5 

117.0 

100.5 


SBS 

87.5 

74.6 

73.4 

Elevated 

Flexure 

111.1 

89.4 

103.2 

Temperature 

Residual 

Strength 

Data 

{% of Baseline)** 

Tension 

98.2 

80.8 

94.0 


SBS 




Weight Change 

Flexure 

^■SW» 3ctl§& 


0.1781 

Data 

Percent Gain + 
Percent Loss - 

Tension 

0.0455 

0.0734 

0.1624 


SBS During Dryout 

-0.985 

-0.620 

-0.896 

OTHER 






Notes: 


* These specimens exposed for 398 days. 

** Residual strength data based on baseline tests at the respective 
temperatures 
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Table 5-9. Results Summary, Honolulu Nomina! 1 Year Non-Solar Specimens* 



SPECIMEN 

MATEF 

tIAL SYSTEM 


PROPERTY 

CONFIGURATION 

5208 

5209 

934 


SBS 

95.0 

83.7 

80.4 

Room Temperature 

Residual 

Strength 

(% of Baseline)** 

Flexure 

Compression 

108.2 

107.7 

106.6 


SBS 


73.4 


Elevated 

Temperature 

Residual 

Flexure 

Compression 

111.0 

95.8 

102.1 

Strength 

Data 

of Baseline)** 

Stressed Tension 

112.5 

80.37' 

106.1 


SBS 


r E 1 


Weight Change 
Data 

Flexure 

-0.0139 

1 

0.218 

Percent Gain + 
Percent Loss - 

Stressed Tension 

0.310 

0.0876 

0.324 


SBS During Dryout 

-0.861 

0.585 

-0.968 


OTHER 


'Average of two measurements 


Notes: 

* These specimens exposed for 398 days. 

** Residual strength data based on baseline tests at the respective 
temperatures 


25 















Table 5-10. Physical and Mechanical Test Results, Aloha Airlines, 1 Year Solar Specimens 


SPECIMEN 
identifica- 
tion number 

LAMINATE 

THICKNESS 

(IN) 

LAW HATE 

WIDTH 

(IN) 

INITIAL 

DRY 

IAKIHATE 

WEIGHT 

(GPAM) 

INITIAL 

DRY 

SPECIMEN 

WEIGHT 

(GRAN) 

EXPOSED 

SPECIMEN 

WEIGHT 

[GRAN) 

FINAL DRY 
SPECIMEN 
WEIGHT 
(GRAM) 

ULTIMATE 
FAILURE 
LOAD 
( POUND) 

TEST 

TEJP. 

CF) 

—2 

(£.* •»«« r 

«.2581 

1.34ob 

1 .5662 

1.512* 


441.30 

75.0 


*: .» 954 

«5.24Vo 

1.2934 

1.4616 

1.468* 


344.30 

200.0 

2 -3 

r.*«<o7 

**..*♦** 

1,4721 

1.4«**5. 

3.4362 

1.4717 

412.00 

202.0 

1 -1 

«' . I l»t>? 


1 *75«*7 

2.tt2il4> 

2.8162 


14b. «** 

75.0 

-*r *»»;»♦■ 1 —/ 

»'.»**•* 

* #4 9c4 

1.7&I* 

2.6665 

2.8153 


147.50 

75.0 

Art***** 1 -3 

/ . * r */t* 

. .4553 

1.77bfc 

2.0335 

2.14422 


152.00 

75.0 

Air uh,- ' i — * 

* •* r -fce 

* .4V«* 

1 • 7 £>44 

2.6279 

2.0353 


149.00 

100.0 

Af Lr« 2 -s 



1.7774 

2.B5H3 

2.8583 


140.50 

1*0.0 

2 -c 



i.77b«J 

Z.fc'bbB 

2.0672 


146.00 

110.0 

AIWj.J -i 



9.7144 

1 1 .94*3 *5 

11.9372 


1140.80 

1*0.0 

nitAj» £ — / 



9.t>579 

11.8278 

11.8247 


2200.00 

1 ( 0.0 

X —3 

■m* ■ 

i.*.2b*,V 

l.Jbb2 

2 • S3 5b 

l.54«52 


374.30 

75.0 

o,‘)X«i* 1 —2 

Afc^ai ifl 

C.84S3 

1.3bI7 

1.5152 

1.5188 


222.70 

1 * 0.0 

4&&.4X>V 3 —3 

*>. J > 23 

e.2454 

1.388b 

1.5541 

1.5569 

1.5439 

300.30 

1 ( 0.0 

nrt-i* 1 —I 

H.ioi2 

«?.493b 

1 .ofcbtf 

1.9669 

1.9681 


240.00 

75.0 

orhAbf't —2 

« r 2o43 

«J, 49 Jo 

1.673b 

1.9571 

1.9594 


138.50 

75.0 

sr LASyI -3 

*s.*.63b 

*i.438b 

1.6457 

1.9277 

1.9306 


142.50 

75.0 

hFLAS.,1 -4 

•S.*b4b 

8.4933 

1.6664 

1.92*7 

1.9267 


99.00 

1 * 0.0 

1 -b 

tf .€o35 

*.*941 

1.6629 

1.9334 

1.9346 


102.00 

200.0 

i-r LAStfl -t> 


tf.49 fefe 

1.6713 

1.9312 

1.9332 


06.50 

100.0 

I5tnar 1 -1 

*5 • 1 1 C i> 

K.2468 

1 .4967 

1.669b 

1.6777 


474.70 

75.0 

CNr.-a* 1 -2 


«>.2499 

1.4687 

1.6278 

1.6361 


344.30 

lil.l 

Car (b. 1 -3 

0* H'oo 

*.248 o 

1.4666 

1.0644 

1.6129 

1.5952 

411.70 

K 0.0 

CtU^I -I 

<-.tbob 

<.Vi9 

1.8157 

2.1248 

2.1137 


161.00 

75.0 

CfL*ZGl -2 

o?c 

‘ , . S ' V 4 

1.7579 

2.0763 

2.8*57 


159.00 

75.0 

Ui.iF*l -3 

<5 . *6 7 b 

r .5881 

1.83(12 

2.1247 

2.1332 


165.50 

75.0 

CH—Jrl -4 

•> • «f 6S& 

*.4992 

1.7496 

2.0482 

2.8549 


140.50 

1 * 0.0 

Cr t*~Sr 1 -b 

t.t &bb 

«*.b«J«52 

1.7497 

2.K466 

2.6563 


130.80 

1*0.0 

Cft.Ai« 3 -o 

»'.* ofcrw' 

*?.brf«:7 

1.826b 

2.1899 

2. 1176 


149.50 

200.0 

CI-iai 2 -1 

I.U7S 

1..V4V 

9.9297 

11.9793 

11.97*2 


1130.00 

1*0.0 

CJtAok.1 -2 

tr . t 47 b 

1.8231 

9.8141 

11.7*71 

11.7913 


1215.00 

1 * 0.0 


















Table 5-11. Physical and Mechanical Test Results , Aloha Airlines 1 Year Non-Solar Specimens 


SPECIMEN 
IDENTIFICA- 
TION H'JKBEP. 

LAMINATE 

THICKNESS 

(IN) 

LAMINATE 

WIDTH 

(IN) 

INITIAL 

Dftr 

LAMINATE 

WEIGHT 

(GRAM) 

INITIAL 

DRY 

SPECIMEN 

WEIGHT 

(GSAM]l 

EXPOSED 

SPECIMEN 

wnan 

(GRAM) 

FINAL DRY 
SPECIMEN 
WEIGHT 
(GRAM} 

ultimate 

FAILURE 

LORD 

(POUND) 

TEST 

TEMP. 

If) 

1-1 

*7 • 8 V *N 4 

r.2iH 

1.3502 

i.9«ja 

1.5(92 


457.78 

7S.8 

*3 - 1 


» . 1**1 

1 .2b7o 

1*4285 

1.4352 


325.38 

188.8 

-3 

•*.» ^0*1 


1.J299 

1.4744 

1.4750 

1.4612 

395.78 

184.4 




1 • 7e92 

2.(783 

2.0845 


151.8# 

75.8 

-»r »« i 

*> DO 

* .4VS,* 

1*7742 

2.Ko9» 

2.2742 


149.b4 

75.4 

-r »» 1 — J 


h .4fbP 

1 • 7b 32 

2.U455 

2.(908 


177*104 

75.8 

-fr L*. *# 2 -4 

e»4 t 

* .4 V** 

1 .7 39/ 

2.3273 

2. *325 


131.88 

188.8 

/rUv £ -> 

»*«• ot>l 

**.4*b/ 

3 . 7b*» 7 

2.«J7it 

2.0440 


142.88 

188.8 

Mr uf »* I — o 

bOt* 

• ,4VeV 

i.7«#2 

2.W522 

2.» 9b«b 


14b. b« 

188.8 

1 -1 

4b/ 

- .V*bfe 

9.obl7 

11.5569 

11.5659 


994.44 

188.8 

-1-* -* it */ 

V *• 4b> 

•* . *> *<! * 

V„o4fr*» 

Xl.baoV 

11.5479 


lVbe.tf* 

184.4 

SjL^Jm'1 — i 

wl~2» 

i..24st 

l.Jkbb 

1.5433 

l.b4J4 


365.88 

75.8 

nJitAMM -2 

t/* 1 

t.24/2 

1.4i*i3ts 

1.5593 

1.5634 


231.88 

288.8 

3jL * It/J —3 

*•■1*41 

✓ .2462 

1.3922 

1.5469 

1.5504 

1.539b 

299.88 

188.8 

*FLA'**5l -1 

£«io3b 

r .4Sbb 

1 .bbbl 

1.9115 

1.9138 


122.88 

75.8 

-2 

»*.*62b 

V.49b1 

l.b74b 

1.933W 

1.9351 


148.58 

75.8 

—3 

<•« o3!> 

• .45741 

I.o7o9 

1.94(5 

1.9587 


122.88 

75.8 


i5.»'o28 

r.,49«5 

1 .6925 

1.9094 

1.9118 


97.58 

188.8 

tF^A^l -b 

t.k Mi 

8.4965 

1.6#73 

1.9525 

1.9562 


188.88 

188.8 

rF»ji it] -t 

*5f»4 / 

*.49bb 

l.fcb64 

1.932H 

I .9362 


ll.Si 

188.8 

-2 

fc.3 1^1 

tf .2476 

1.52b* 

1.7(22 

1-68*9 


47b. #4 

75.8 

CbFA*rl -2 


0.25(5 

i.se7j 

1 .575*9 

1.6823 


337.88 

188.8 

Cil. ■*..»•! -3 

t>.l .1.14 

8. 2586 

1.9229 

1.6799 

1.7104 

1.6918 

438.38 

184*4 

CFLA*« 1 -1 

ofco 

**.b2l4 

1.7*16 

2.uo32 

2.87(4 


159.88 

75.8 

—2 


l>*blull 

1.7972 

2.(598 

2.*366b 


161.88 

75.8 

Cri.M tv,J -i 

<1. 1*000 

*..4*bO 

1.779b 

2.(767 

2.4834 


249.54 

75.8 

Cfrl#P .* 1 -4 

y»^oo7 

« .999k. 

1 .7b91 

2.0573 

2.*b38 


135.88 

188.8 

CFLm #*.1 -b 

»?.* bO»5 

0.5k Ol 

1.7bbi 

2.«!b62 

2.872# 


134.54 

188.8 

CfL«i •«. 1 — 1» 

Cr.lt ob»P 

• .4973 

1.7412 

2.04ia 

2.8544 


132.54 

184.4 

CI4^.«1 -1 

4ci 


9.*9g7 

11.8767 

11.8984 


me. 44 

188.8 

C 5 4 •»*»#' 1 -2 

e.v-JiTs 

l.wf33 

9.9175 

11.8199 

11.8438 


1288.88 

184*4 




Table 5-12. Physical and Mechanical Test Results, Aloha Airlines 1 Year Interior Specimens 


SPECIMEN 
IDENTIFICA- 
TION NUMBER 

LAMINATE 

THICKNESS 

(IN) 

LAMINATE 

WIDTH 

(IN) 

INITIAL 

DRY 

LAMINATE 

WEIGHT 

(GRAM) 

INITIAL 

DRT 

specimen 

WEIGHT 

(GRAM) 

EXPOSED 

SPECIMEN 

WEIGHT 

(GRAM) 

FINAL DRT 
SPECIMEN 
WE J CUT 

(GRAMl 

ULTIMATE 

FAILURE 

LOAD 

(POUND) 

TEST 

TEMP. 

(F) 

A.ir.iiI/1 —1 



1.3336 

1.5078 

1*5X6* 


431.00 

75.0 

ALcAli'I — 4. 

■i.tWol 

J.244> 

1.29*1 

2.4721 

1.4746 


347.30 

160.0 

AftAin “I 

u .i »iih 

*.4952 

1 .7b 3 V 

2. *404 

2.0487 


t45.50 

75.0 

AfbAJ**! -2 


.’.49b/ 

I .7b, j 

2. *377 

2. *410 


148.00 

75.0 

-ft ,kl*l - J 

< ..*tb3 

* .4953 

1.7524 

2. *263 

2. *286 


146.00 

75.0 

** r L £. I • 1 -4 

v «*bz 

v .-4987 

1.7493 

2. *173 

2.02*0 


146.00 

160.0 

Ar l — b 

** « . bb7 

v.494* 

1 . 7o J7 

2.0336 

2.0334 


149.00 

181 .0 

A r k*ii * 1 — t. 

11.1 ot» 1 

. .4956 

3.7obJ 

2 .*359 

2.0383 


136.00 

180.0 

- C l—i 

I .* 45b 

1 .Al4k* 

9. oi.ob 

11.7920 

11.7935 


1165.0* 

75.8 

- j - i v 1 -/ 

f.i'-Ji/ 

1 ..«obfe 

9.7353 

11.5959 

11.6025 


1130.00 

75.0 

A 1 4 - 1 »' 1 -J 

«*.* tbs 

1 .. V35 

9.7222 

11.5071 

11.5130 


1250.00 

75.0 

AltAl. 1 -4 

«.% 449 


9.obb9 

11.4332 

11.4414 


965.00 

180.0 

A14AI* l -b 

Y .1 4 0*' 

0.9*71 

9.6455 

11.5576 

11.5602 


1025.00 

180.0 

*J4AI»U -d 

* • <■ 4 o o 

«r.999ii 

9.7424 

11.6113 

11.6171 


1 050.00 

180.0 

AI4A1.U -7 

0.0432 

1 ,B* 09 


25.6973 

25.7290 


1078.00 

180.6 

a 14 A1 t5l ~ b 

B»t‘4o7 

1 .U*lb 


25.6996 

25.7361 


960.00 

180.0 

ap;ai*i —9 


*.9949 


25.6418 

25.6719 


975.00 

180.0 

nifcAlpJ — i 

*.1*15 

H.2499 

1.37*9 

1.5342 

1.5355 


364.00 

>5.0 

rSE^,I«l -2 

O.102S 

c .24 79 

1 .4064 

1.5702 

1.571* 


238.70 

180.0 

ofL AX*1 -1 

i£.t‘61d 

is. 4946 

1 .6552 

1.9673 

1.9540 


142.00 

75.0 

fcf bAliU -2 

£.?o3U 

0.4969 

1.6876 

1.9974 

1.9961 


146.00 

75.0 

sfLAl.sl -3 

e.L'o38 

*•494* 

1.6747 

1.9941 

1.9907 


144.00 

75.0 

oFLAl*'l -4 

o.i615 

0.4950 

1.690* 

1.992* 

1.9899 


107.50 

140.0 

.ifLAXi'3 -S 


*.49ob 

1.6780 

1.9845 

1.9820 


118.50 

100.0 

«af L*l. 1 -c 

w.* o29 

*.4954 

1 . 6b*k3 

1.9577 

1 .96** 


107.50 

1(0.0 

r*T*< Alt l -1 

7.t.44S 

1 .0.718 

9. 373* 

11.6346 

11.6072 


1225.00 

75.0 

sftMl.il -2 


1 .07750 

9.3812 

11.7428 

11.7118 


1165.00 

75.0 

cl 4 - 1*1 —3 

0.0446 

1 .C02S 

9.2So3 

11.5267 

11.5023 


1195.00 

75.0 

x»i4Al* 1 -4 

4b«» 1 

1 

9.4054 

11.7656 

11.7364 


970.00 

180.0 

cl t AX»* 1 -b 

u.e447 

1.0041 

9.3977 

11.5666 

11.S443 


1115.00 

110.0 

t* T 4 m 1 %3 1 -b 

e.L442 

1.0026 

9.2799 

11.5977 

11.5735 


955.00 

180.0 

H4A1U1 -7 

O.0423 

1 .0uo5 


25.2500 

24.2632 


965.00 

1(0.0 

r'lAAlt-l -0 

«J.0421 

1 .0003 


24.9212 

24.9296 


995.00 

180.0 

LT,Al01 -9 

t>.e433 

l.H3*7 


24.8511 

24. 8640 


1000.00 



180.0 






Table 5 - 12. Physical and Mechanical Test Results, Aloha Airlines 1 Year Interior Specimens (Concluded} 


SPECIMEN 
IDENTIFICA- 
TION NUMBER 

LAMINATE 

THICKNESS 

(IN) 

LAMINATE 

WIDTH 

(IN) 

initial 

DRY 

LAMINATE 

WEIGHT 

(GRAM) 

INITIAL 

DRY 

SPECIMEN 

WEIGHT 

(GRAM) 

EXPOSED 

SPECIMEN 

WEIGHT 

(GRAM) 

FINAL DRY 
SPECNCW 
WEIOTT 
(GRAM) 

ULTIMATE 

FAILURE 

LOAD 

(POUND) 

TEST 

TEW. 

(F) 

CbL-lvl - I 

u.1.95 

tf. 2 b«U 

1.5t<2* 

1.6602 

1.68*5 


469.70 

75.0 

Cjtnli 1 — £ 


k*. 24bi 

1.490& 

1.6665 

1.6722 


362.00 

180.0 

cn.Aivt -1 


»*.5k23 

1 . b3©2 

2.1206 

2.1230 


170.50 

75.0 

CK.*li.i -2 

t>t>9 

O.S»'l 2 

1.01«S7 

2.(5973 

2 .100b 


1*5.50 

75.0 

OfcAlVI - 3 

61 

^.4950 

1.7412 

2.0192 

2 .02O1 


143.70 

75.0 

CFLAl. » - 4 

* . * 

*.5.*32 

l.tMo* 

2. 1280 

2.1296 


1*5.00 

180.0 

olhi. i 

r.le 

*'.5J11 

l.bJS7 

2 . 10*2 

2.1061 


156.00 

180.0 

CH Hi. 1 -o 

c.vrWl 

‘i.'lVaT 

1. b*?15 

2.«5*bft 

2.08*5 


1*3.00 

180.0 

1 1 3 -l 

f.fc'4 72 


9.b5l4 

11.9920 

11.9656 


1159.00 

75.0 

L I 4 «* I *” 1 -2 



9.9701 

12.1081 

12.0838 


1005.00 

75.0 



1.0017 

9.9169 

12.2287 

12.2008 


1080.00 

75.0 

CT^Alttl -4 

^•*'472 

1.0027 

9.8894 

12.0784 

12.0525 


1145.00 

180.0 

CTAAIn'J -s 

».* 463 

1.0000 

9.954K 

12.6763 

12.0562 


1025.00 

loe.o 

Cr44J.U 

*J.% 4bt> 

1.0022 

9.7835 

11.6869 

11.8657 


1140.00 

100.0 

C74AIvl -7 

*..452 



25.3820 

25.5155 


1140.00 

180.0 

CI4AJ21 

*Vfc«b3 

l.«9022 


26.3*39 

26.3611 


1150.00 

180.0 

CT 4**lt.l —9 

0.1475 

i.eao9 


26.3924 

26.4223 


1260.00 

100.0 









Table 5-13, Results Summary, Aloha Airlines Nominal 1 Year Solar Specimens * 



SPECIMEN 

MATERIAL SYSTEM 

PROPERTY 

CONFIGURATION 

5208 

5209 

mmm 


SBS 

87.4 

84,6 

Hum 

Room Temperature 

Residual 

Strength 

Flexure 

106.6 

110.3 

■jttlgjH 

Data 

[% of Baseline)** 






SBS 

87.9 

72.7 

77.4 

Elevated 

Flexure 

110.7 

87.5 

101.8 

Temperature 

Residual 

Strength 

Data 

(% of Baseline)** 

Tension 

125.5 


106.2 

SBS Dryout 

104,4 

97,4 

93.11 


SBS 

1 

0.278 

0.500 

Weight Change 

Flexure 


0.0946 


Data 

Percent Gain + 
Percent Loss - 

Tension 

-0.4843 


0.0132 


SBS During Dryout 

-0.985 

-0.842 

-1.110 

OTHER 


Notes: 


* These specimens exposed for 1942 flight hours, 5760 flight cycles, 
394 days on aircraft #N73721, 

** Residual strength data based on baseline tests at the respective 
temperatures 
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Table 5- 14, Results Summary , Aloha Airlines Nominal 1 Year Non-Solar Specimens * 


' 

SPECIMEN 

MATEI 

UAL SYSTEM 


PROPERTY 

CONFIGURATION 

5208 


934 


SBS 


80.9 


Room Temperature 
Residual 
Strength 
Data 

(% of Baseline)** 

Flexure 

■ 

100.8 

H 


SBS 

84.1 

74.0 


Elevated 

Flexure 

110.1 

84.6 


Temperature 

Residual 

Strength 

Data 

{% of Baseline)** 

Tension 

106.9 


114.4 

SBS Dryout 

100.5 

94.9 

93.1 


SBS 


0.232 

-0.2315 

Weight Change 
Data 

Flexure 

0.286 

0.139 

+0.3169 

Percent Gain + 
Percent Loss - 

Tension 

0.0866 


0.1554 


SBS During Dryout 

-0.944 

-0.702 

-1.099 

OTHER 






Notes: 


* These specimens exposed for 1942 flight hours, 5760 flight cycles, 
394 days on aircraft #N73721. 

** Residual strength data based on baseline tests at the respective 
temperatures 
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Table 5-15, Results Summary, Aloha Airlines Nominal 1 Year interior Specimens* 



SPECIMEN 

MATERIAL SYSTEM 

PROPERTY 

CONFIGURATION 



934 






Room Temperature 


107.0 



Residual 

Tension 

112.3 


100.4 

Strength 

Data 

Compression 




{% of Baseline)** 






SBS 


76.4 

80.0 

Elevated 

Flexure 

114.3 

102.8 

103.6 

Temperature 

Tension 

115.6 

87.6 

103.0 

Residual 

Compression 




Strength 

Data 

Stressed Tension 

110.4 

89.7 

109.0 

(% of Baseline)** 






SBS 

0.158 

0.0678 

0.239 

Weight Change 

Flexure 

0.0886 

-0.171 

0.0665 


Tension 

0.0442 

-0.227 

-0.202 

Data 

Percent Gain + 
Percent Loss - 

Stressed Tension 

0.2810 

0.0991 

0.2866 

OTHER 


Notes ; 


* These specimens exposed for 1942 flight hours, 5760 flight cycles, 
394 days on aircraft #N73721. 

** Residual strength data based on baseline tests at the respective 
temperatures 
















5.2 LABORATORY EXPOSURE AND TESTING 


5.2.1 BASELINE 

Some material characterization work was performed on the AS1/3501-6 
and Kevlar 49/F161-188 material systems. These results will be 
included in a subsequent report when the complete characterization 
is available. 


5.2.2 EFFECT OF TIME ALONE 

Exposure of specimens to the effects of time alone is continuing. 
The original plan called for tests after nominally one, three, and 
ten years of exposure so no tests were scheduled for this time 
period. Consideration is being given to adding a set of tests at 
approximately two years of exposure. The results of the nominal one 
year exposure were described in the Eight Quarterly Progress 
Report. The changes in strength were small but the specimens were 
also observed to have lost weight. The weight losses ranged from 
near zero on one set of specimens to 0.18% for 5208 flexure 
specimens. It is reasonable to expect that the weight loss was 
totally due to moisture. 

The additional set of specimens would be used to assess the relative 
influence of time alone and moisture weight change on these 
specimens. The plan is to test the nominal ten year specimens after 
approximately two years and package additional specimens from the 
dry drum storage unit into desiccated jars to replace the ten year 
specimens. These specimens will have adequate time to stabilize in 
the jars prior to test. 


5.2.3 EFFECT OF MOISTURE AND THE EFFECTS OF TIME AND STRESS 
ON WET SPECIMENS 

Individual test results of 240 short beam shear and flexure 
specimens exposed to various relative humidities were described in 
the Eighth Quarterly Progress Report. Significant strength and 
stiffness changes were observed in some cases. Additional analysis 
has taken place on these moisture specimens. Table 5-16 shows the 
observed moisture content in the specimens at the time of the test. 
Figure 5-3 portrays the same data graphically. All three material 
systems are shown. It can be seen that, with one exception, the 
data is relatively consistant at humidities below 75%. It can also 
be seen that the specimens would show 0% moisture content at around 
25% humidity indicating that this was representative of the 
original, (dry drum storage) environment. Finally, the observed 
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moisture contents at 95% or condensing humidity are higher than an 
extrapolation of the lower values would indicate. It is probable 
that this exposure creates a condition more like water immersion. 


Table 5- 16. Observed Moisture Content After Humidity Conditioning 


SPEC. TYPE 


RELATIVE HUMIDITY 


OR 

MATERIAL. 

40% 

60% 

75% 

95% 

ASB 

.24% 

1.10% m>. 74% 

1.34% 


.28% 

.57% 

.81% 

1.32% 

AFL 

.21% 

.58% 

.82% 

1.44% 

5208 AVG 

" m 

“TOT 

7791 

T7OT 

8SB 

.30% 

.33% 

.50% 

.63% 

.78% 

.92% 

::::: cx> 

BFL 

.34% 

.57% 

.84% 

1.84% 

5209 AVG 

tot 

'TOT 


T7OT 

CSB 

.25% 

.56% 

.85% 

1.59% 


.33% 

.65% 

.95% 

1.71% 

CFL 

.22% 

.53% 

.80% 

1.45% 

934 AVG 

: m 

.58% 

TOT 

TOT 


I T > Obviously erroneous value -- ignore 
1 2 > Never weighed -- re-exposure in work 
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OBSERVED HQISTURE CONTENT (PERCEND 


o 5208 
^ 5209 
□ 934 



5.2.4 EFFECT OF WEATIIEROMETER CYCLING 


No additional mechanical testing was performed during the reporting 
period. The next set of tests is scheduled for mid September, 1980 
and will be included in the next Quarterly Report. A second set of 
Weatherometer exposed specimen surface photos has been received. 
An earlier set of similar photos was shown in The Sixth Quarterly 
Progress Report. The initial set showed that the Narmco 520g 
specimens had lost less surface resin than either of the two 350 
curing systems. This was essentially what the weight loss curves 
had shown. At the end of a nominal 6 months of exposure, all three 
systems had lost similar amounts of weight and all three had stopped 
losing weight. This was taken to mean that all three systems had 
lost most or all available surface resin and were now being shielded 
by the first layer of fibers. The photos, shown in Figure 5-4, 
again provide confirmation. All three resins appear to have lost 
approximately the same amount of resin and there is no longer a 
visible difference between systems. 

5.2.5 EFFECT OF SIMULATED GROUND-AIR-GROUND CYCLING 

This program is Intended to duplicate, in the lab, the environment 
experienced by a commercial transport aircraft operating out of a 
hot, moist, tropical climate. 

Specimens exposed to a nominal 6 months of ground-air-ground 
cycling were tested during this reporting period. A listing of the 
mechanical test results is shown in Table 5-17. Testing at 180 F 
generally produced a greater strength loss than testing at room 
temperature. The one exception to this was the flexural strength of 
T300/5208. 

In light of previous reports showing a weight gain-plateau-gain 
pattern the strength losses noted here led to concern that a 
freeze/thaw damage mechanism was gradually cracking the specimens. 
Several photo micrographs were taken of these specimens to look for 
possible cracks, but no macro or micro cracking was visible. Figure 
5-5 shows one of these micrographs. 

A second possible explantion for the gain-plateau-gain weight 
pattern concerns the exposure chamber itself. Chamber reliability 
has been very poor. Periodic scheduled and unscheduled maintenance 
have caused several prolonged shutdowns. The exact environment 
experienced by the specimens during these shutdowns is uncertain 
since maintenance procedures have been far more extensive than 
originally anticipated. The continued practical availability of 
this chamber is currently being investigated. At a minimum, it will 
be necessary to establish a procedure for removing the specimens 
from the chamber during repairs. 
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The measured moisture contents of these specimens ranged from 0.7% 
to 1.0%. Most of the observed strength reductions can be attributed 
to the presence of the moisture. 








Table 5-17. Physical and Mechanical Test Results ; Nominal 6 Months Simulated G-A-G Cycling 


SPECIMEN 


LAMINATE 

LAMINATE 

FAILURE 

TEST 

IDENTIFICATION 

THICKNESS 

WIDTH 

LOAD 

TEMPERATURE 

NUMBER 


(IN) 

(IN) 

(POUNDS) 

(°F) 

ASBLGOF 

-1 

0.0984 

hi 

482.0 

70 

ASBLGOF 

-2 

0.0977 

.2499 

464.0 

70 

ASBLGOF 

-3 

0.0951 

.2510 

485.0 

70 

ASBLGOF 

-4 

0.0974 

.2491 

434.0 

70 

ASBLGOF 

-5 


.2505 

492.0 

70 

ASBLGOF 

-6 

0.0966 

.2507 

354.0 

180 

ASBLGOF 

-7 

0.0949 

.2503 

402.0 

180 

ASBLGOF 

-8 

0.0964 

.2504 

428.0 

180 

ASBLGOF 

-9 

0.0938 

.2492 

372.0 

180 

ASBLGOF 

-10 

0.0979 

.2508 

410.0 

180 

bsBlgof 

-1 

0.0998 


362.0 

70 

BSBLGOF 

-2 




70 

BSBLGOF 

-3 

0.1043 

.2491 

420.0 

70 

BSBLGOF 

-4 


.2511 

436.0 

70 

BSBLGOF 

-5 

0.1022 

.2485 

408.0 

70 

BSBLGOF 

-6 

0.1030 

.2493 

306.0 

180 

BSBLGOF 

-7 

0.0975 

.2423 

296.0 

180 

BSBLGOF 

-8 

0.1013 

.2508 


180 

BSBLGOF 

-9 

0.1031 

.2489 

326.0 

180 

BSBLGOF 

-10 

0.1038 

.2491 

312.0 

180 

CSBLGOF 

4 


.2487 

544.0 

70 

CSBLGOF 

-2 

0.1099 

.2456 


70 

CSBLGOF 

-3 


.2490 

494.0 

70 

CSBLGOF 

-4 

0.1056 

.2464 

528.0 

70 

CSBLGOF 

-5 

0.1080 

' .2490 

530.0 

70 

CSBLGOF 

-6 

0.1103 

.2470 

428.0 

180 

CSBLGOF 

-7 

0.1109 

.2495 

476.0 

180 

CSBLGOF 

-8 

0.1082 

.2468 

418.0 

180 

CSBLGOF 

-9 

0.1085 

.2451 

456.0 

180 

CSBLGOF 

-10 

0.1071 

.2492 

462.0 

180 
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Table 5-17. Physical and Mechanical Test Results, Nominal 6 Months Simulated G-A-G Cycling 
( Concluded ) 


SPECIMEN 

IDENTIFICATION 

NUMBER 

LAMINATE 

THICKNESS 

(IN) 

LAMINATE 

WIDTH 

(IN) 

FAILURE 

LOAD 

(POUNDS) 

TEST 

TEMPERATURE 

( 6 f) 

AFLLGOF -1 

■ / w 11 

0.5020 

m 

70 

AFLLGOF -2 

RMi & 

0.5041 


70 

AFLLGOF -3 


0.4998 

110.0 

70 

AFLLGOF -4 

0.0670 

0.5000 

115.5 

70 

AFLLGOF -5 

0.0671 

0.5028 

119.0 

70 

AFLLGOF -6 

0.0660 

0.5018 

107.5 

180 

AFLLGOF ~7 

0.0670 

0.4991 

107. S 

180 

AFLLGOF -8 

9iRi ; s 

0.5019 

111.5 

180 

AFLLGOF -9 

'■•Me ; smJ*-:- 


114.0 

180 

AFLLGOF -10 

0.0661 

0.5021 

105.0 

180 

BFLLGOF -1 

:pWi 3ipTfc^! 

0.4972 

97.0 

70 

BFLLGOF -2 


0.4945 

106.0 

70 

BFLLGOF -3 

Bit $51 

0.4994 

103.0 

70 

BFLLGOF -4 


0.4984 

113.5 

70 

BFLLGOF -5 

0.0628 

0.4971 

107.0 

70 

BFLLGOF -6 

0.0637 

0.5004 

87.5 

180 

BFLLGOF -7 


0.4951 

81.0 

180 

BFLLGOF -8 

0.0629 

0.4970 

74.5 

180 

BFLLGOF -9 

0.0637 

0.4920 

78.0 

180 

BFLLGOF -10 

0.0633 

0.4920 

71.0 


CFLLGOF -1 

0.0678 

0.4988 

140.0 

70 

CFLLGOF -2 


0.4971 

139.5 

70 

CFLLGOF -3 

mnr 

0.4975 

134.0 

70 

CFLLGOF -4 



122.0 

70 

CFLLGOF -5 

fwMi ; | 

0.4993 

124.0 

70 

CFLLGOF -6 


0.4978 

100.5 

180 

CFLLGOF -7 

0.0660 

0.4988 

109.5 

180 

CFLLGOF -8 

0.0651 

0.4974 

101.5 

180 

CFLLGOF -9 

0.0677 

0.4995 

116.5 

180 

CFLLGOF -10 

0.0659 

0.4988 

109.5 

180 
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Figure 5 5 Flexure SfX'cimen Edge After Nomin.il 6 Months Simulated GAG Cycling 


ORIGINAL FAiiK IF 
OF PiHiU QUALITY 
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APPENDIX A 

TEST SPECIMEN DRAWINGS 
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Figure A- 1 



















Figure A-2. 












Figure A-4. 
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Figure A-4. (Concluded) 



